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DETAILED ACTION 
Claim Rejections - 35 USC § 103 

1 . The following is a quotation of 35 U.S.C. 1 03(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the phor art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

2. The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1 , 148 
USPQ 459 (1966), that are applied for establishing a background for determining 
obviousness under 35 U.S.C. 103(a) are summarized as follows: 

1 . Determining the scope and contents of the prior art. 

2. Ascertaining the differences between the prior art and the claims at issue. 

3. Resolving the level of ordinary skill in the pertinent art. 

4. Considering objective evidence present in the application indicating 
obviousness or nonobviousness. 

3. Claim 1 is rejected under 35 U.S.C. 103(a) as being unpatentable over M. Knapp 
et al., U.S, Patent 6,235,471 (herein after Knapp) in view of Q. Tang and M.L. Lee, J. 
Chromatography A, 887:265-275, 2000 (herein after Tang). 

For Claim 1 , Knapp teaches a number of microfluidic devices manufactured on a 
substrate (body structure) (col 5, lines 7-10) with at least a first reaction channel and 
introduction channel (col 5, lines 7-9) (microchannel and inlet port), and that fluid flows 
across a channel by applying a potential across ports connecting the channel (col 47, 
lines 47-50). From such connection of channels with wells it would be obvious to one of 
ordinary skill that wells are fully capable of functioning as outlet as well as inlet ports. 
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Further, reagent introduction cliannels (wells) are machined on the substrate (col 5, 
lines 7-10) (on exterior surface). 

Knapp does not teach a sol-gel matrix in the microchannel. Tang teaches sol-gel 
bonded particles (matrix) in a capillary column (abstract) (spans cross section of 
microchannel). One of ordinary skill in the art at the time of invention would have found 
desirable the use of the sol-gel matrix of Tang, comprising well-characterized chemistry 
for its production with readily available reagents, in the microchannel environment of 
Knapp, to immobilize particles in order to retain the high plate number of such small 
particles, while avoiding the difficulty associated with the requirement for frits during 
packing of particles. 

For Claim 2, Tang teaches silica particles in the sol-gel matrix (abstract). 

For Claim 3, Knapp teaches microfluidic devices having reaction channels and/or 
chambers (col 9, lines 59-61 ), and that reagents may be delivered to such chambers 
(col 12, lines 30-33) (in communication with an outlet port). 

For Claim 4, Knapp is silent on use of tetramethoxy orthosilicate monomers in 
preparation of sol-gels. Tang teaches use of tetramethoxysilane (tetramethoxy 
orthosilicate) In preparation of sol-gels (p. 267, col 2, 1| 1). Such precursors are known 
In the art, and one of ordinary skill in the art would find obvious the use of the chemistry 
teaching of Tang with the microfluidic device of Knapp in order to provide a matrix of 
predictable immobilized packing phase with the bed stability of sol-gels. It would have 
been obvious to one of ordinary skill in the art to modify the device of Knapp by 
substituting the sol-gel matrix of Tang in order to . . . 
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4. Claims 5-8 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Knapp and Tang as applied to claim 1 above, and further in view of S. Sato et al., J. of 
Materials Science, 25:4880-4885, 1990 (herein after Sato). 

For Claim 5, Knapp and Tang are silent on matrix pore sizes. Sato teaches 
control of pore size distribution through sol-gel process (title) and further teaches pores 
sizes of ca. 1 micron obtained with certain additives (p. 4883, col 2, 1| 3). One of 
ordinary skill in the art at the time of invention would find obvious the use of additives 
disclosed in the teaching of Sato in combination with the sol-gel and microfluidics of 
Tang and Knapp in order to impart a range of flow rates and to limit back pressure 
associated with the smallest pore sizes. 

For Claim 6, Sato teaches control of pore size distribution through sol-gel 
process (title) and further teaches pores sizes of ca. 1 micron obtained with certain 
additives (p. 4883, col 2, H 3), within the range of the instant claim. 

For Claim 7, Tang teaches that particles of the sol-gel bed (matrix) are bonded to 
the inner walls of the capillaries (p. 268, H 2) (microchannels). 

For Claim 8, Knapp, Tang and Sato are silent on the filling of microchannels from 
first to second end. One of ordinary skill in the art at the time of invention would find 
useful the filling of channels from end to end in order to simplify the process of 
construction of the matrix, since the channel could be filled to overflow, followed by 
cleaning of inlet and outlet ports, without concern for variability in the fill from one device 
to the next and without the need for frits. 
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4. Claims 9-1 1 and 13 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over L.A. Christel, et al., J. Biomechanical Engineering, 121: 22-27. 1999 (herein after 
Christel) in view of Tang. 

For Claim 9, Christel teaches use of nucleic acid capture chips in which DNA 
(sample) solutions are diluted with (contacted with) a binding agent/chaotropic salt 
(chaotropic agent) (p. 24, H 2-3), passed through the microstructure (microcolumn) 
under conditions in which DNA (nucleic acid) binds (p. 24, H 3). Christel does not teach 
a sol-gel matrix. Tang teaches a sol-gel matrix comprising silica particles bonded with 
octadecyl and propylsulfonic acid functional groups. One of ordinary skill in the art at the 
time of invention would find desirable the use of unbonded silica particles, as an 
alternative to and extension of use of particles with a bonded phase, in order to expand 
the range of analytes that can be concentrated and purified with such sol-gel matrices to 
nucleic acids. It would have been obvious to one having ordinary skill in the art to 
modify the method of Christel to employ the sol-gel matrix of Tang with unbonded silica 
in order to extract and purify DNA with well-characterized chemistry and solvent 
systems in a stable bed environment. With regard to the cross sectional dimension, 
Tang teaches use of capillaries of 75 microns inner diameter, within the cross sectional 
range of the instant claim. 

Christel further teaches the steps of washing the microstructure with ethanol- 
based wash (a solvent) and eluting with elution reagent (p. 24, col 2, H 1 ) (releasing 
bound nucleic acid). 
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For Claim 10, Tang teaches the use of capillaries containing sol-gel matrix of 75 
microns inner diameter (1406 microns^ cross sectional area, within that of the instant 
claim). 

For Claim 1 1 , Christel teaches the use silicon microstructures as nucleic acid 
(DNA) capture chips (p. 24, If 2). 

For Claim 13, Christel teaches the steps of washing the microstructure with 
ethanol-based wash (a buffer) intended to wash away salts and other PCR inhibitors (p. 
24, col 2, H 1 ). The elution of DNA that follows, such as with water (p. 24, col 1 , H 2), 
would be recognized by one of ordinary skill in the art to be compatible with PCR 
reactions. 

5. Claim 12 is rejected under 35 U.S.C. 103(a) as being unpatentable over Christel 
and Tang as applied to claim 9 above, and further in view of Sato. Christel and Tang are 
silent on pore sizes in a sol-gel matrix. Sato teaches that such pore sizes can be 
controlled (abstract) and further that pores sizes of ca. 1 micron diameter are obtained 
with certain additives (p. 4883, col 2, H 3), a size within the range of the instant claim. It 
would have been obvious to one having ordinary skill in the art to employ the specific 
controlled pore size taught by Sato in order to impart a range of flow rates and to limit 
back pressure associated with the smallest pore sizes. 

7. Claims 14-18 and 20-22 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Knapp in view of Tang. 
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For Claim 14, Knapp teaclies a number of microfluidic devices manufactured on 
a substrate (base) (col 5, lines 7-10). Such devices may have a first and second 
reaction microchannel each having an interior surface and first and second end (Fig. 
21). Further, Knapp teaches a first opening (port) in communication with the first end of 
the first microchannel (Fig. 21). Knapp does not teach a second port in communication 
with the second end of the first channel and the first end of the second channel or a 
third port in communication with the second microchannel. However, Knapp teaches 
that such devices may have hundreds of reaction channels (microchannels) with 
reagent introduction channels (ports), and that fluid may flow between the channels 
under selected conditions (col 5, lines 10-17). One of ordinary skill in the art at the time 
of invention would recognize the desirability of a second port in communication with two 
or more channels in order to allow for separate introduction of multiple reagents that 
subsequently combine in a reactive process, or in order to allow for overflow after 
introduction into one port and escape of overflow from a second port. Further, one of 
ordinary skill would find obvious to use a third port in order to allow additional flexibility 
associated with reactive processes requiring introduction of multiple reagents. 

With regard to a sol-gel matrix, Knapp does not teach such matrix in the 
microchannel. Tang teaches sol-gel bonded particles in a capillary column (abstract) 
(spans cross section of microchannel). It would have been obvious to one of ordinary 
skill in the art at the time of invention to use the sol-gel matrix of Tang, comprising well- 
characterized chemistry with readily available reagents, in the microchannel 
environment of Knapp, in order to immobilize particles and retain the high plate number 
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of such small particles, while avoiding the difficulty associated with the requirement for 
frits during packing. 

For Claim 15, Knapp teaches a microfluidic device with at least one reaction 
channel or chamber (col 9, lines 59-61) (chamber in communication with channel) and 
that such chamber may be widened (col 32, lines 30-32). Knapp further teaches that 
such devices may comprise networks of channels (col 1 3, line 1 1 -1 3). One of ordinary 
skill in the art at the time of invention would find obvious from the teaching of Knapp the 
desirability of the reaction chamber being in contact with the microchannels for 
independent introduction of reagents to the chamber. 

For Claim 16, Knapp and Tang are silent on three ports on the same exterior 
surface. Knapp does teach that channels are fabricated into the surface (same surface) 
of the substrate (col 51 , lines 13-14). One of ordinary skill in the art would find obvious 
from the teachings of Knapp to form ports on the same exterior surface in order to 
facilitate delivery of reagents with minimal operator handling of the device during such 
operation. 

For Claim 17, Knapp teaches that material transport in a microfluidic device is 
accomplished with micro-pumps (col 5, lines 20-25) (pumping means in communication 

with chamber). 

For Claim 18, Knapp teaches that reagents are pumped into the main channel of 
the microfluidic device (col 22, lines 64-65), and, more generally, that selective flowing 
and movement of fluids through the device (channels and chambers) is accomplished 
with micropumps (pumping means) (col 50, lines 51-57). One of ordinary skill in the art 
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would find obvious from tliese teachings the potential for use of such pumps for 
regulating flow through first and second microchannels. 

For Claim 20, Tang teaches that particles of the sol-gel bed (matrix) are bonded 
to the inner walls of the capillaries (p. 268, H 2) (microchannels). It would have been 
obvious to one of ordinary skill in the art to modify the column of Knapp to bond the 
particles to the inner wall of the microchannel in order to ensure no loss of matrix during 
processing. 

For Claim 21 , Knapp teaches the addition of template DNA, such as from a 
cloned nucleic acid, into a reaction channel of a microfluidic device (col 14, lines 16-24) 
and sequencing reagents are subsequently added (col 14, lines 30-31). One of ordinary 
skill in the art at the time of invention would have found obvious to use the second 
microchannel for such sequencing reagents (for analyzing nucleic acids) in order to 
physically separate the steps of introducing other reagents, such as templates, to 
minimize the likelihood of contamination. 

For Claim 22, Knapp teaches a microfluidic device is fabricated into a planar 
solid substrate (col 42, lines 16-18) (base) and that such device is used for biochemical 
analysis, including purification of nucleic acids (abstract) (nucleic acid processing). 

8. Claim 19 is rejected under 35 U.S.C. 103(a) as being unpatentable over Knapp 
and Tang as applied to claim 18 above, and further in view of Sato. 
Knapp and Tang are silent on pore sizes in a sol-gel matrix. Sato teaches that such 
pore sizes can be controlled (abstract) and further that pores sizes of ca. 1 micron are 
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obtained with certain use of certain additives during matrix formation (p. 4883, col 2, U 
3), a size within the range of the instant claim. Again, it would have been obvious to one 
having ordinary skill in the art to modify the device of Knapp and Tang to provide a 
control pore size of about 1 micron as taught by Sato in order to impart a range of flow 
rates and to limit back pressure associated with the smallest pore sizes. 

Conclusion 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to TIMOTHY G. KINGAN whose telephone number is 
(571)270-3720. The examiner can normally be reached on Monday-Friday, 8:30 A.M. 
to 5:00 P.M., E.S.T.. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Jill Warden can be reached on 571 272-1267. The fax phone number for 
the organization where this application or proceeding is assigned is 571-273-8300. 
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Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 
USPTO Customer Service Representative or access to the automated information 
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 
I /Jill Warden/ 

I Supervisory Patent Examiner. Art Unit 1797 
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